The incidence of atherosclerosis is much higher in patients with diabetes and hypertriglyceridemia than in patients with either diabetes or hypertriglyceridemia [1, 2] . The reason for this is not clear; however, it has been speculated that the concomitant presence of atherogenic factors associated with diabetes and those associated with hypertriglyceridemia may be responsible for this high incidence rather than the presence of a unique atherogenic factor in the diabetichypertriglyceridemic patients. For example, glycosylated low-density lipoprotein found in the plasma of diabetics [3] and abnormal very-low-density lipoprotein (VLDL) found in the plasma of hypertriglyceridemic patients [4] are thought to be responsible for the accelerated foam cell formation. It has been assumed that the macrophages of the diabetic-hypertriglyceridemic patients, being exposed to these two abnormal lipids, accumulate lipids more aggressively, thus resulting in accelerated atherosclerosis. Although the presence of these as well as other humoral atherogenic factors and their effect on cells associated with the atherosclerotic plaques have been considered as the prime reason for the onset of atherosclerosis, the various types of cells associated with the atherosclerotic plaque must also be considered. In our previous studies, we found that freshly prepared monocytes from hypertriglyceridemic patients had an accelerated rate of superoxide synthesis [5] . In this study, we concentrated on monocyte-derived macrophages and asked whether or not the ability of these cells to synthesize cholesterol ester differs among the cells taken from the diabetic-hypertriglyceridemic, diabetic, hypertriglyceridemic, and healthy individuals, since these cells have been considered as the precursor to the form cells found in the atherosclerotic plaques [6] . Our observations suggest that the diabetic-hypertriglyceridemic patients are more prone to develop atherosclerosis because they have an elevated rate of cholesterol esterification and atherogenic factors specific to hypertriglyceridemia, such as increased superoxide production by monocytes, and that these conditions act synergistically to accelerate atherosclerosis.
MATERIALS AND METHODS
Subjects. Four groups of subjects, all men, were studied after informed consent had been obtained: 7 individuals who had neither diabetes mellitus nor hypertriglyceridemia (healthy group); 9 individuals who had diabetes mellitus but not hypertriglyceridemia (diabetic group); 9 individuals who had hypertriglyceridemia but not diabetes mellitus (hypertriglyceridemic group); and 7 individuals who had both diabetes mellitus and hypertriglyceridemia (diabetichypertriglyceridemic group). Patients with alcoholism, uremia, or hypothyroidism were excluded. All diabetic patients were non-insulin-dependent diabetes mellitus (NIDDM), having been diagnosed as such based on the criteria of the National Diabetes Data Group for a 75-g oral glucose tolerance test [7] . Blood glucose of diabetic patients was controlled with a stable treatment regimen for 4 months before the experiments, and glucose levels were stable at the time of blood withdrawal. Nine of the diabetic groups were being treated with insulin, 8 with oral hypoglycemic agents, and 1 with diet alone. Hypertriglyceridemia was diagnosed when the fasting plasma triglyceride levels were > 150 mg/dl on three occasions. The 75-g oral glucose tolerance test was also performed on all patients with hypertriglyceridemia. Of those with diabetes and hypertriglyceridemia, five were being treated with insulin; 5, with oral hypoglycemic agents; and 3, by diet alone. Of those with hypertriglyceridemia, three were being treated with clinofibrate. At the time of blood collection, none of the subjects had evidence of acute infection or other inflammatory processes.
Preparation of monocytes. The experiments were performed on eleven separate days. On each day, 6 to 7 subjects were examined. Following an overnight fast, 110 ml blood was withdrawn from an antecubital vein into three syringes; 60 ml blood was collected into syringes containing heparin to give a final concentration of 10 units/ml for the separation of mononuclear cells, 40 ml blood was collected without any anticoagulant to obtain serum, and 10 ml blood was collected into a syringe containing EDTA to give a final concentration of 1 mg/ml for plasma lipid analysis. I-Ieparinized blood was layered over a Conray-Ficoll gradient (d =1.077) and centrifuged for 30 min at 500 X g at 23°C. The mixed mononuclear cell band was removed into siliconized plastic tubes by aspiration with a siliconized glass Pasteur pipette. Cells were washed twice with RPMI 1640 medium, and the cell numbers of monocytes and lymphocytes in mononuclear cell population were counted in a Coulter Channelyzer (Hialeah, FL). Autologous serum was diluted into RPMI 1640 medium to give a final concentration of 20%, and the medium was sterilized by passage through a 0.22-,um filter (Millipore Inc., Yamagata). Mononuclear cells were dispersed into the medium at a concentration of 1>< 106 monocytes/ml, and 1 ml of cell suspension was seeded into each 35-mm well of a culture dish (Falcon and Primaria, Becton Dickinson Co., Lincoln Park, NJ). The residual monocytes were also plated into 16-mm wells. After a 2-h incubation at 3TC in a humidified atmosphere of 95% air and 5% C®2 to allow monocytes to adhere to the bottom of the well, non-adherent cells were removed by aspiration. After washing twice with warmed RPMI 1640 medium, monocytes were cultured as follows. All procedures were performed under sterile conditions.
Culture for transformation of monocytes to macrophages. Monocytes from each subjects were cultured for 10 days in two systems. The first used 1.5 ml of RPMI 1640 medium containing 20% autologous serum. The other used medium containing 20% heterologous healthy serum from a single source, a 22-year-old healthy man (blood type A). Medium was changed every 3 days. At the end of culture, the viability of the cells was determined by the trypan blue exclusion test, and over 85% of the cells were alive. The character of the cells was checked by alpha-naphthyl-butyrate staining, and the percent of monocyte-derived macrophages was estimated to be approximately 80%.
Lipoprotein separation. Two hundred milliliters of blood was drawn from a normolipidemic healthy man after an overnight fast into tubes containing ETNA
(1 mg/m1). Low-density lipoprotein (d=1.019-1.063) was separated from the plasma by ultracentrifugation [8] . For the separation of hypertriglyceridemic very-low-density lipoprotein (d < 1.006), 200 ml blood was drawn after an overnight fast from hypertriglyceridemic patients having a plasma triglyceride level of 1,100 mg/dl, and the separated plasma was subjected to ultracentrifugation. VLDL was separated after the removal of chylomicrons.
Acetylation of LDL was performed as described [9] . Both acetyl LDL and hypertriglyceridemic (HTG) VLDL were labeled with 125I by the iodine monochloride method as modified for lipoproteins [10] .
[14 C ] ®leate incorporation into '4C cholesteryl ester. ®n the 10th day of culture, culture medium was removed from 35-mm well, and the macrophages were washed twice with RPM 1640 medium. One milliliter of plain RPM 1640 medium was added and cells were cultured for 12 h in the presence of both 20 nmol
[ 14C ] oleate-albumin (7,400 dpm/nmol) and 50 1u g of acetylated LDL. After incubation, the medium was removed and the cells were washed twice with phosphatebuffered saline. Macrophages were completely dissolved in 1 ml of 0.1 N Na®H after a 2-h incubation on a 3TC shaking water bath, and 0.9 ml of the sample was used for lipid extraction. The lipid extraction vas performed with chloroformmethanol (2: 1, v/v) [11] . Cholesteryl [ 14C ] oleate was isolated by thin-layer chromatography after development in a solvent system of n-hexane-diethyl etherformic acid (90: 10: 1, v/v/v). Lipids were visualized with I2 vapor, and the spots that comigrated with a cholesteryl oleate standard were marked and scraped into scintillation vials after the total disappearance of color. Scintillation fluid (Aquasol 2, NEW Research Products, Boston, MA) was added, and the samples were counted in a liquid scintillation counter. Correction for procedural losses was made by addition of [3H]cholesteryl oleate to the chloroform-methanol extraction mixture as an internal standard. The remaining 0.1 ml of dissolved cells was used for the measurement of cell protein [12] . Each experiment was performed in triplicate.
1251 acetyl LDL and 1251-labeled hypertriglyceridemic VLDL degradation by macrophages. Macrophages cultured in heterologous healthy serum in 16-mm wells were used for the assay of total 125I-acetyl LDL degradation and total 1251-labeled hypertriglyceridemic VLDL degradation . The amount of each added lipoprotein in terms of protein was 5 ,a g/ml for 125I-acetyl LDL and 50 ,u g/ml for 1251-labeled hypertriglyceridemic VLDL . The degradation assay was performed as described previously [1 3]. All samples were run in triplicate. Miscellaneous analyses. Fasting plasma glucose, total cholesterol, triglyceride, and hemoglobin A1C were measured in the Tokai University Hospital Central Laboratory by commonly used procedures.
Statistical method Comparisons between the groups were made by Student's t-test [14] . All values were expressed as means ± SD.
RESULTS
The diabetic and diabetic-hypertriglyceridemic groups had higher fasting plasma glucose levels accompanied by higher levels of hemoglobin A1C than the healthy and hypertriglyceridemic groups ( Table 1 ). The mean plasma triglyceride levels in the hypertriglyceridemic and diabetic hypertriglyceridemic groups were approximately threefold higher than those in the healthy and diabetic groups. The amount of triglyceride was approximately the same between the hypertriglyceridemic and diabetic hypertriglyceridemic groups. A comparison of the cellular protein of macrophages obtained from 35-mm wells under the two different culture conditions is shown in Fig. 1 . The protein amount of 0.075 mg per dish was employed as a cut-off point, as this was the minimum limit of the reliable range of our method used for protein measurement. The majority of the macrophage samples grew better when cultured in the normal serum system than in the autologous serum one. The number of samples in which the yield of protein was over 0.075 mg per dish after 10 days of culture was also greater for cultures with the normal serum system than for those with the autologous serum culture system except in the diabetic group. In the autologous serum culture system, 8 of 9 reached over 0.075 mg in the diabetic group, significantly higher than the 2 out of 7 in the non-diabetic group (Table 2) . No significant difference was observed in the number of samples that had over 0.075 mg protein per dish among the non-diabetic, hypertriglyceridemic, and diabetichypertriglyceridemic groups. When the mean value of macrophage protein was calculated employing only these data over 0.075 mg, macrophage protein did not differ among the four groups (Table 2) . In comparing macrophage protein between the two culture systems, the amount of protein was similar in the non-diabetic and diabetic groups and higher in the normal serum culture system than with autologous system in the hypertriglyceridemic and diabetic-hypertriglyceridemic groups.
[ 14C ] ®leate incorporation into cholesteryl ester by macrophages was measured in the presence of acetyl LDL as shown in Table 3 . In the normal serum culture system, the amount of [ 14C ]oleate incorporation into cholesteryl ester was highest in the diabetic-hypertriglyceridemic group (0.403 ± 0.115 nmol/mg cellular protein/ 12 h), followed by the diabetic (0.314±0.110), non-diabetic (0.215± 0.019), and hypertriglyceridemic group (0.212±0.164). Both the diabetic and diabetic-hypertriglyceridemic groups were significantly higher than the nondiabetic group. [ 14C ] ®leate incorporation into cholesteryl ester in the diabetichypertriglyceridemic group was also significantly higher than that in the hypertriglyceridemic group.
In the autologous serum incubation system, the amount of [ 14C] oleate incorporation into cholesteryl ester by macrophages fluctuated greatly and showed a large variation. However macrophages from the diabetic group showed significantly higher ['4C]oleate incorporation into cholesteryl ester compared with the cells from the hypertriglyceridemic group. A comparison of [ 14C ] oleate incorporation into cholesteryl ester by macrophages between the two different incubation systems showed no difference except in the diabetic group where incorporation was significantly greater in the autologous culture system than in the normal serum culture system. To assess the receptor activity responsible for the influx of lipid into the macrophages, we measured the degree of degradation o f 1251-acetyl LDL and of 125I°H TG°VLDL by macrophages . The amount o f 1251-acetyl LDL degradation was similar among the four groups ( Table 4 ). The degradation of 1251-HTG-VLDL was significantly decreased in the diabetic group (8.9± 3.5 ,a g/mg cellular protein/ 12 h, p<0.01) and in the diabetic-hypertriglyceridemic group (8.1± 1.2 p g/mg cellular protein/ 12 h, p < 0.05) compared with that in the non-diabetic group (12.4±2.6 p g/mg cellular protein/ 12 h), as shown in Table 5 . The units for all values are nmol/mg protein/ 12 h. Sample number is indicated in parentheses. * p < 0.05 vs. healthy; * * p <0.005 vs. healthy; * * * p < 0.02 vs. hypertriglyceridemic; * * * *p < 0 .02 vs. corresponding diabetic. There were two major findings in our study. First, monocyte-derived macrophages of diabetic-hypertriglyceridemic and diabetic patients have an elevated ability for cholesterol esterification compared with the macrophages of hypertriglyceridemic and healthy individuals. Second, monocyte-derived macrophages of diabetic-hypertriglyceridemic and diabetic patients have less ability to degrade HTG-VLDL than macrophages of hypertriglyceridemic and healthy individuals .
The rate of cholesterol esterification by macrophages was determined in the presence of acetyl LDL and 14C-labeled free fatty acid-albumin complex. With this method, acetyl LDL and free fatty acid-albumin complexes were taken up by the macrophages. The acetyl LDL and complex would then enter lysosomes to be digested. Products of this process, such as cholesterol and free fatty acid, would then serve as substrates for the synthesis of new cholesterol ester . Thus, the observed increased rate of cholesterol esterification with the monocyte-derived macrophages of diabetic-hypertriglyceridemic and diabetic patients may have resulted for various reasons, such as increased substrate pool or increased anabolic enzymatic activities.
The substrate pool may be increased by an elevated rate of uptake of acetyl LDL and/or free fatty acid-albumin complex, and/or by an increased size of the pool of endogenous cholesterol. In the present study, we measured only the total amount of degradation, and the degradation rate of 1251-labeled acetyl LDL was the same in the diabetic cells as in the hypertriglyceridemic and normal macrophages. Thus it may be assumed that the rate of uptake of acetyl LDL was the same among the four groups. As for a possible increase in the rate of uptake of free fatty acid-albumin complex, our current study has provided no new information. However, in this regard, the findings by Vlassara et al. [15] that peritoneal macrophages obtained from the insulin-deficient diabetic mouse showed increased receptor activity for the advanced glycosylated end product-albumin complex is of interest. Whether or not the advanced glycosylated end product-albumin complex shares the receptor with the free fatty acid-albumin complex and such receptors are increased on the surface of the diabetic-hypertriglyceridemic and diabetic macrophages has not been demonstrated. If this is true, then the influx of free fatty acid-albumin complex into the macrophages may have been elevated by this route and thus have increased the substrate pool. Glycosylated LDL, which is found in diabetic sera and is taken up via the glycosylated LDL receptor of macrophages [3] , was demonstrated to enhance cholesteryl ester synthesis; and this synthesis could not be down-regulated even when the macrophages accumulated an excessive amount of cholesteryl ester. In our study, it is unlikely that the elevated rate of cholesterol esterification resulted from the uptake of glycosylated LDL by the diabetic-hypertriglyceridemic and diabetic macrophages since these cells were maintained with normal serum that should have been free of glycosylated LDL. ®n the other hand, in the diabetic-hypertriglyceridemic and diabetic macrophages that were maintained with autologous serum, the glycosylated LDL may have represented a portion of the intracellular cholesterol pool since the rate of cholesterol esterification of these cells was even greater than that of those maintained in normal serum-containing medium.
The decreased rate of vLDL degradation by the diabetic-hypertriglyceridemic and diabetic macrophages may be responsible for the increased rate of cholesterol esterification by these cells. The following two studies had been performed employing the mouse macrophages. Angelin [16] has reported that VLDL suppresses 3-hydroxy-3-methylglutaryl-(HMG-) CoA reductase activity, a key enzyme for cholesterol synthesis, in mouse peritoneal macrophages. Similar to this observation, Kraemer [17] found that peritoneal macrophages from streptozocin-induced diabetic-hypertriglyceridemic mice had enhanced HMG-CoA reductase activity, and the increase was secondary to the reduction in the number of vLDL receptors but not related to acetyl-LDL uptake. These reports, when considered together, raise the possibility that a reduction in the rate of vLDL uptake may attenuate the inhibitory activity of vLDL on HMG-CoA reductase, resulting in more cholesterol synthesis and an enlarged endogenous cholesterol pool. Hence, if the mechanism elucidated for the mouse macrophage also works in human macrophages, the reduced rate of catabolism of HTG-vLDL in monocyte-derived macrophages from diabetic patients may have increased the activity of HMG-CoA reductase and elevated the rate of endogenous cholesterol synthesis. If the amount of cholesterol synthesized by the endogenous pathway exceeds the amount of cholesterol normally derived from vLDL, the substrate pool would be enlarged, and this should lead to an increased rate of cholesteryl ester synthesis. The current investigation was not designed to prove this possibility, and the task is left to future investigations.
Another question asked in this investigation was whether the rate of cholesteryl ester synthesis by macrophages was intrinsic to the cells. Prior to the start of the experiments, it was necessary to establish conditions for the macrophage cell culture. Human macrophages are usually derived from circulating monocytes in culture medium containing autologous serum, and the use of such a system does not discriminate between effects due to the cells and those due to the serum. In preliminary experiments, we found that human circulating monocytes were difficult to maintain and showed poor transformation into macrophages in standard cell culture medium with fetal calf serum (data not shown). Consequently, isolated monocytes were cultured in media containing either autologous serum or heterologous serum from a single healthy male donor. Although in the beginning, the blood type and sex were matched between cells and serum, we later found that blood type had no effect on the growth of monocytes (data not shown). Nevertheless, one batch of serum from blood of a type A healthy man was used throughout the experiment in order to minimize variables.
Among those microphages that were derived from monocytes in the normal serum system, the rate of degradation of 125I-HTG-VLDL and the rate of cholesterol esterification depended upon the source of the monocytes. This demonstrated that by the time monocytes were transferred to the in vitro system and before the cells had changed to macrophages, the potential of the macrophages to degrade HTG-VLDL and to synthesize cholesteryl ester may have already been determined. What determines this potential is both interesting and important to an understanding of atherogenesis. Assuming that it is epigenetic, at some stage of myelopoiesis, the cells either acquired this potential or only those which have the potential matured. Knowing that all cells in the body are bathed in the milieu of the plasma, which has a continuous influence upon the physiology of the cells, we can assume that the plasma must have played a role in the emergence of the cells with this potential.
The exact plasma constituent remains to be determined; however, some component of diabetic plasma is a likely candidate.
An interesting but puzzling finding was that monocytes from the diabetichypertriglyceridemic, hypertriglyceridemic, and healthy groups were able to transform better in the heterologous normal serum system than in the autologous serum system. This observation points to the possibility that there may be some undefined mechanism that suppresses spontaneous differentiation of monocytes into macrophages and is specific to individuals. If this mechanism relates to some aspect(s) of the immune system, then the mechanism of monocyte differentiation as well as the role that the monocyte-derived macrophages play in atherogenesis may require investigations involving cellular immunology.
In the present study, only lipid metabolism in monocyte-derived macrophages was investigated. However, the results of the investigation raise the possibility that other cells, if not all, that are thought to be involved in atherogenesis may also be modified or selected by being exposed to plasma with a particular composition, such as diabetic, hypertriglyceridemic, or hypercholesterolemic plasma. To what extent these cells deviate from cells that are bathed in plasma of normal composition should be examined.
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